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) (54) GENE TRANSFER METHODS 

(57) Improved methods for transferring a gene into 
target cells by using a retrovirus, wherein the gene 
transfer efficiency is improved and the target cells are 
efficiently transformed by binding the retrovirus to a 
functional substance which is immobilized on as carrier 
and having an activity of binding to retroviruses followed 
by washing; using an antibody capable of specifically 
recognizing cells, laminin or mannose-rich type sugar 
chain as a substance having an activity of binding to the 
target cells; pre-treating the target cells so as to inacti- 
vate transferrin receptor, or introducing a new functional 
group into the functional substance. 
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Description 

Technical Field 



[0001] The present invention relates to a method that increases the efficiency of gene transfer into 'target cells ; and 
enables efficienUransduction of the target cells, as well as a series of related techniques therewrth, ,n the fields of med- 
icine, cell technology, genetic engineering, developmental technology and the like. 



Background Art 



[00021 Mechanisms of a number of human diseases have been elucidated. The recombinant DNA techniques and 
the techniques for transferring a gene into cells have rapidly progressed. Under these circumstances, protocols for 
soma* Tcene the apies for treating severe genetic diseases have been recently developed. More recently, attempts 
h^^S^iply the gene'therapy not on.y to treatment of the genetic diseases but also to treatment of viral 

15 S£T "^^^TS« which have been examined for dinica, app.ication to humans to date, a gene 
s trSsferred'nto ceils causing a recombinant retrovirus vector. The retrovirus vector eff Jnsfe^t e^ore, 
gene of interest into cells and stably integrates the gene into their chromosomal DNA. 

means of gene transfer particularly for the gene therapy in which a long-term gene expression .s desired Such a ^vector 
20 has been subjected to various modifications so as not to have a harmful influence on the organism wfth the transferred 
gene. For example.^ replication function of the vector is eliminated such that the vector used for the gene transfer 
rioes not reDlicate in the cells while repeating unlimited infection (gene transfer). 

S S a vector (a replication-deficient retrovirus vector) cannot autonomously replicate, a retrovirus 
leao encapsidated in a virus particle is generally prepared by using retrovirus-producer ce Is <£^ M £^ 

25 simplest method for efficiently transferring a gene into target cells comprises co-cultunng the target cells with the retro 
vims-producer cells. However, the retrovirus-producer cells may be contaminated ,n the gene transferred target cells 
which will be transplanted to a living body in this method. vt«™>ii,,tarm«triy orafraa- 

[0005] Recently, it was reported that the presence of fibronectin. a component of he extracellular matnx or a f r^g 
ment thereof increases the efficiency of gene transfer into cells using a retrovirus (J. Clin. Invest., 93.1 45 -1 457 (1 994) 

30 Sood 88 855^62 (1 996)). Also, it has been demonstrated that a fibronectin fragment produced by genetic engineering 
technique has similar properties and can be utilized to efficiently transfer a foreign gene into hematocele stem cells 
(WO 95/26200^. It is suggested that the binding of a heparin-binding region in fibronectin to a retrovirus .s involved m 
the increase in qene transfer efficiency due to fibronectin. 

[0006] Furthermore, it is disclosed in WO 97/1831 8 that functional substances otherthan fibronectin such « jf.br* 
35 ast qrowth factor increase the gene transfer efficiency. The publication also discloses that similar increase ,n the gene 
ISnsfertiicScy is also observed when a mixture of a functional substance having an activity of bmdmg to a retrovirus 
and another functional substance having an activity of binding to cells is used. 

[0007] The gene transfer methods using functional substances enable an efficient gene transfer without xo-cu tivat^ 
ng re rovirus-producer cells and target cells. It is believed that the increase in gene transfer efficiency by the methods 

40 I due 'to the increase in chance of interaction between the retrovirus and the target cells which are closely co-localized 
with the aid of the functional substances. *«„ e ^r QC 

moos] in gene transfer using a retrovirus, target cells are infected wrth the retrovirus resultmg in , Bene ^transfer a S 
described above. However, the gene transfer efficiency using a retrovirus is still unsatisfactory for pract.cal clinical appli- 
cation Thus it is desired to further increase the infection efficiency. 

«, [o1>09] creased infection efficiency or gene transfer efficiency may be accomplished ^ ^^^^ 
ion (tier) of the retrovirus in the virus suspension (supernatant) used. However, construction and establ shment of 
Zs producer cells that can produce high titer viruses usually requires much labor. A pseudo-type virus vector utilizing 
from vesicular stomatitis virus [Proc. Natl. Acad. Sci. USA, 90:8033-8037 (1993) can be concen- 
trated by cenfrifugation. However, since such concentration can be used only for this vector, ,t can not be widely used^ 

50 [0010] Add tionally. specific infection of target cells with a retrovirus in gene transfer may accornphsh h.gh gene 
transfer efficiency even if the purity of target cells is low. However, no convenient and efficient method ,s known ,n the 
current state of the art. 

Objects of Invention 

55 [001 1] in view of the circumstances as described above, the main object of the present invention Is to P^de an 
Improved method for transferring a gene into target cells using a retrovirus, in which the gene transfer eff.cency ,s 

increased and the target cells are efficiently transduced. 
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[0012] Hereinafter, other objects and advantages of the present invention will be explained in detail with reference 
to the attached drawings. 



Brief Description of Drawings 

5 

[001 3] 

Figure 1 illustrates a structure of a high mannose type sugar chain containing nine mannose residues in the mole- 
cule. 

10 Figure 2 is a graph that shows the gene transfer efficiency (%) achieved by using chemically modified CH-296 in 

Example 3. 

Figure 3 is a graph that shows the relationship, between relative gene transfer efficiency (%) and contact/binding 
time in a study on effect of removing viral infection-inhibitory substances in Example 13. 

Figure 4 is a graph which shows the relationship between relative gene transfer efficiency (%) and respective virus- 
es binding procedures in a study on effect of binding retroviruses to functional substances utilizing the centrifugation 
method in Example 15. 

Figure 5 is a graph that shows gene transfer efficiency (%) achieved by using the centrifugation method or the cen- 
trifugation-infection method in Example 15. 

) 20 Summary of Invention 

[0014] The present inventors have found that gene transfer efficiency is increased by contacting a functional sub- 
stance having an activity of binding to a retrovirus and being immobilized on a substrate with a retrovirus and then 
washing the substrate prior to infecting the target cells. 
25 [0015] The present inventors have also found that a gene can be transferred specifically for target cells of interest 
and/or efficiently by infecting the target cells with a retrovirus in the presence of a functional substance such as an anti- 
body which specifically binds to the target cells, laminin, a sugar chain derived from laminin or a high mannose type 
sugar chain. 

[001 6] The present inventors have further found that gene transfer efficiency can be increased by appropriately pre- 

30 treating target cells before subjecting them to gene transfer. 

[001 7] Furthermore, the present inventors have found that the effect on gene transfer of a functional substance hav- 
ing an activity of binding to a virus can be improved by chemically modifying the substance to increase its basicity. 
[001 8] The present invention is completed based on these new findings by the present inventors. 
[001 9] Thus, the first aspect of the present invention is a method for transferring a gene into target cells using a ret- 

35 rovirus, characterized in that the method comprises: 

(1) contacting a solution containing a retrovirus with a functional substance having an activity of binding to the ret- 
rovirus and being immobilized on a substrate; 
\ (2) washing the substrate to which the retrovirus is bound; and 

40 (3) contacting and incubating the substrate to which the retrovirus is bound with target celts. 

[0020] Without limitation, step (1) above is carried out, for example, for 1 hour or longer, preferably for 3 hours or 
longer. In addition, the frequency of contact between the retrovirus and the functional substance having an activity of 
binding to the retrovirus may be physically increased. 

45 [0021] Examples of the functional substances having an activity of binding to the retrovirus which can be used in 
the present invention include, but are not limited to, fibronectin, fibroblast growth factor, collagen type V, polylysine and 
DEAE-dextran, as well as fragments thereof and substances having an equivalent activity of binding to the retrovirus 
thereto. The functional substance may have an activity of binding to target cells. Alternatively, the functional substance 
may be used in combination with another functional substance having an activity of binding to the target cells. Examples 

so of the functional substances having an activity of binding to the target cells which can be used include, but are not lim- 
ited to, cell-adhesive proteins, hormones, cytokines, antibodies, sugar chains, carbohydrates and metabolites. 
[0022] For example, a culture supernatant of retrovirus-producer cells can be used as a retrovirus for gene transfer 
in the present invention. The culture supernatant may be obtained in the presence of a substance that enhances retro- 
virus production such as sodium butyrate. 

55 [0023] The second aspect of the present invention is a method for transferring a gene into target cells using a ret- 
rovirus, characterized in that the method comprises infecting target cells with a retrovirus in the presence of two func- 
tional substances: 
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(1) a functional substance having an activity of binding to the retrovirus; and 

(2) an antibody which specifically binds to the target cells. 

[0024] Examples of the antibodies which specifically bind to the target cells used in the present invention include, 
but are not limited to, one that recognizes a biological substance on the surface of the target cells. 
[0025] The third aspect of the present invention is a method for transferring a gene into target cells using a retrovi- 
rus, characterized in that the method comprises infecting target cells with a retrovirus in the presence of two functional 
substances: 

(1) a functional substance having an activity of binding to the retrovirus; and 

(2) laminin, a laminin fragment, a sugar chain derived from laminin or a high mannose type sugar chain. 

[0026] Examples of the functional substances having an activity of binding to the retrovirus which can be used in 
the second and third aspects of the present invention include, but are not limited to, fibronectin, fibroblast growth factor, 
collagen type V, polyiysine and DEAE-dextran, as well as fragments thereof and substances having an equivalent activ- 
ity of binding to the retrovirus thereto. The functional substance may have an activity of binding to target cells. Further- 
more, the functional substance may be used being immobilized on an appropriate substrate. 

[0027] The fourth aspect of the present invention is a method for transferring a gene into target cells using a retro- 
virus, characterized in that the method comprises culturing target cells in a medium that contains Fe at a lowered con- 
centration before the target cells are contacted with the retrovirus. Examples of culture media which can be used in the 
present invention include, but are not limited to, a medium that contains deferoxamine. Preferably, the method is carried 
out in the presence of a functional substance. 

[0028] The fifth aspect of the present invention relates to a method for increasing an activity of binding to a retrovi- 
rus of a peptide or a protein, characterized in that the method comprises chemically modifying a peptide or a protein. 
Examples of the chemical modifications include, but are not limited to, activation of an amino acid residue in the peptide 
or the protein and introduction of a basic residue. For example, the activation of an amino acid residue is preferably car- 
ried out by treating the peptide or the protein with a water-soluble carbodiimide or with a water-soluble carbodiimide and 
a diamino compound, without limitation. The chemically modified peptide or protein obtained by the method can be pref- 
erably used for gene transfer into target cells using a retrovirus. 

Detailed Description of the Invention 

[0029] A recombinant retrovirus vector is usually used in the gene transfer method of the present invention. In par- 
ticular, a replication-deficient recombinant retrovirus vector is preferably used. The ability of replication of such a vector 
is eliminated such that it cannot autonomously replicate in infected cells and, therefore, the vector is non-pathogenic. 
The vector can invade into a host cell such as a vertebrate cell (particularly, a mammalian cell) and stably integrate a 
foreign gene inserted within the vector into the chromosomal DNA. 

[0030] In the present invention, the foreign gene to be transferred into the cells can be used by inserting it into the 
recombinant retrovirus vector under the control of an appropriate promoter, for example, the LTR promoter in the retro- 
virus vector or a foreign promoter. In addition, another regulatory element (e.g., an enhancer sequence or a terminator 
sequence) which cooperates with the promoter and a transcription initiation site may be present in the vector in order 
to accomplish efficient transcription of the foreign gene. The foreign gene to be transferred may be a naturally occurring 
gene or an artificially prepared gene. Alternatively the foreign gene may be one in which DNA molecules of different 
origins are joined together by ligation or other means known in the art. 

[0031] One can select any gene of which the transfer into cells is desired as the foreign gene to be inserted into the 
retrovirus vector. For example, a gene encoding an enzyme or a protein associated with the disease to be treated, an 
intracellular antibody (see, for example, WO 94/02610), a growth factor, an antisense nucleic acid, a ribozyme, a false 
primer (see, for example, WO 90/13641) or the like can be used as the foreign gene. 

[0032] The retrovirus vector used in the present invention may contain a suitable marker gene that enables the 
selection of gene transferred cells. For example, a drug-resistance gene that confers resistance to antibiotics on cells 
or a reporter gene that makes it possible to distinguish the gene transferred cells by detecting the enzymatic activity can 
be utilized as the marker gene. 

[0033] The vectors that can be used in the present invention includes, for example, retrovirus vectors such as MFG 
vector (ATCC No. 68754), a-SGC vector (ATCC No. 68755) and LXSN vector [BioTechniques, 7:980-990 (1 989)]. Ret- 
rovirus vectors used in Examples hereinbelow including PM5neo vector [Exp. Hematol., 23:630-638 (1995)] contain a 
neomycin phosphotransferase gene as a marker gene. Thus, cells into which a gene is transferred using the vector can 
be confirmed based on their resistance to G41 8 as an index. 

[0034] These vectors can be prepared as virus particles into which the vectors are packaged by using a known 
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packaging cell line such as PG13 (ATCC CRL-10686), PG13/LNc8 (ATCC CRL-10685), PA317 (ATCC CRL-9078), 
GP+E-86 (ATCC CRL-9642), GP+envAm12 (ATCC CRL-9641 ) and 9CRIP [Proc. Natl. Acad. Sci. USA, 85:6460-6464 
(1988)]. 

[0035] Known media such as Dulbecco's Modified Eagle's Medium and Iscoves Modified Dulbecco's Medium can 
5 be used for culturing virus-producer cells which are produced by transferring a retrovirus vector into packaging cells, or 
for culturing target cells. Such media are commercially available, for example, from Gibco. Various constituents can'be 
added to these media depending on the type of the target cells for the gene transfer or other objects. For example, 
serum or various cytokines can be added to the media in order to promote or suppress the growth or the differentiation 
of the target cells. For example, calf serum (CS) or fetal calf serum (FCS) can be used as the serum. The cytokine 
10 includes interleukines (IL-3, IL-6 etc.), colony-stimulating factors (G-CSF, GM-CSF etc.), stem cell factor (SCF), eryth- 
ropoietin and various cell growth factors. Many of these cytokines derived from humans are commercially available. 
One having the suitable activity for the objects is selected from the cytokines. Optionally, the cytokines may be used in 
combination. 

[0036] A sample containing a retrovirus such as a culture supernatant of virus-producer cells is used for the gene 
15 transfer method of the present invention. The method for preparing the supernatant is not limited to a specific one. For 
example, it is known that addition of sodium butyrate during the cultivation of virus-producer cells increases the amount 
of virus particles produced in the supernatant [Human Gene Therapy, 6:1195-1202 (1995)]. The thus prepared high- 
titer virus supernatant can be used without problem by using the gene transfer method of the present invention. 
[0037] The method of the present invention is characterized in that target cells are infected with a retrovirus in the 
j 20 presence of a functional substance having a retrovirus-binding site. Gene transferred cells can be efficiently obtained 
by infecting cells with a retrovirus Tn "the presence of ah effective "amount of such" a functional substance. Furthermore, 
viral infection-inhibitory substances in a virus supernatant can be readily removed by using the functional substance. 
Additionally, co-existence of a functional substance having an activity of binding to target cells enables gene transfer 
with higher specificity and/or efficiency 
25 [0038] As used herein, an effective amount is an amount effective to result in transduction of target cells through 
the gene transfer into the target cells using a retrovirus. A suitable amount is selected depending on the functional sub- 
stance to be used and the type of the target cells. The amount can be determined, for example, by measuring the gene 
transfer efficiency by the method as described herein. As used herein, activities of binding to target cells include not 
only an activity of substantially binding to cells but also an activity of keeping in contact with target cells in a solution. 
30 The activities can be measured based on the contribution to gene transfer efficiency as described above. In addition, 
gene transfer efficiency means the efficiency of transduction, 

[0039] The above-mentioned functional substances can be used being dissolved in a solution or being immobilized 
on an appropriate substrate. The substrate for immobilizing a functional substance is not limited to a specific one. Usu- 
ally, a vessel for cell culture or a bead-shaped substrate is used. 
35 [0040] When a functional substance having an activity of binding to a virus and being immobilized on a substrate is 
used, gene transfer efficiency can be further increased by using steps as exemplified below. 

[0041] First, a liquid sample (e.g., a virus supernatant) containing a retrovirus is contacted with a substrate on 
which a functional substance having an activity of binding to a retrovirus is immobilized. The substrate is washed. The 
) substrate is then directly contacted with target cells. Alternatively, virus particles eluted from the substrate by an appro- 
ve priate means are added to target cells. Thus, a gene can be efficiently transferred. The functional substance having an 
activity of binding to a retrovirus used may have an activity of binding to target cells. Alternatively, a functional substance 
having an activity of binding to a retrovirus and a functional substance having an activity of binding to target cells may 
be used in combination. 

[0042] A step of contacting a liquid sample containing a retrovirus with a substrate on which a functional substance 
45 having an activity of binding to the retrovirus is immobilized is conducted, for example, for 1 hour or longer, preferably 
for three hours or longer, without limitation. Also, other conditions including temperature are not specifically limited. For 
example, the step can be conducted, for example, at room temperature or 37°C. Low temperature around 4°C may be 
used depending on the stability of the virus or the like. The substrate for immobilizing a functional substance may be 
appropriately selected depending on the objects. If a vessel for cell culture is used, one can start gene transfer steps 
so only by adding target cells. For example, phosphate buffered saline or Hanks' saline, liquid medium used for culturing 
target cells or the like can be used for washing the substrate. 

[0043] A retrovirus can be more efficiently bound to a functional substance having an activity of binding to the ret- 
rovirus by physically increasing the frequency of contact between the retrovirus and the functional substance. Examples 
of such physical means include, but are not limited to, utilization of shaking, filtration and centrifugal force. Utilization of 
55 centrifugal force is specifically exemplified by a method in which a liquid sample containing a retrovirus is added to a 
centrifugation tube in which a functional substance having an activity of binding to the retrovirus is immobilized at the 
bottom and the centrifugation tube is then centrifuged. The retrovirus is precipitated onto the bottom of the centrifuga- 
tion tune by centrifugal force during centrifugation. Accordingly, the frequency of contact between the retrovirus and the 
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functional substance having an activity of binding to the retrovirus is increased, resulting in increase in the frequency of 
binding. The above-mentioned method does not put the ceils under a physical stress like the method in which viruses 
are precipitated onto cells by centrifugal force for infection (WO 95/10619). Thus, the method of the present invention 
results in higher gene transfer efficiency. 

5 [0044] Gene transfer can be conducted after removing a substance contained in a sample containing a retrovirus, 
whose existence is not preferable for gene transfer, by the procedure as described above. For example, substances 
removed by the method of the present invention include a retroviral infection-inhibitory substance derived from packag- 
ing cells contained in a virus supernatant [Human Gene Therapy, 8:1459-1467 (1997); J. Virol., 70:6468-6473 (1996)], 
substances added during culturing retrovirus-producer cells in order to enhance retrovirus production such as phorbol 

w 12-myristate 13-acetate (TPA) and dexamethasone [Gene Therapy, 2:547-551 (1995)], as well as sodium butyrate as 
described above. 

[0045] Examples of functional substances having an activity of binding to a retrovirus which can be used in the » 
present invention include, but are not limited to, heparin-ll domain of fibronectin, fibroblast growth factor, collagen type 
V, polylysine and DEAE-dextran, as well as substances functionally equivalent to these functional substances (e.g., a 
75 functional substance having a heparin-binding site). Furthermore, a mixture of the functional substances, a polypeptide 
containing the functional substance, a polymer of the functional substance, a derivative of the functional substance and 
the like can be used. 

[0046] The activity of binding to a virus of the functional substance can be enhanced by chemically modifying it. 
Examples of the chemical modifications include activation of an amino acid residue in the functional substance used 
20 and introduction of a basic residue into the substance. For example, the activity of binding to a retrovirus can be ) 
ihcreaseci'by modifying 

soluble carbodiimide such as 1-ethyl-3-dimethylaminopropylcarbodiimide hydrochloride to activate the carboxyl group. 
Furthermore, the activity of binding to a retrovirus can be increase by utilizing the thus activated carboxyl group to intro- 
duce a basic residue such as an amino group into the functional substance. 

25 [0047] Examples of the functional substance having an activity of binding to target cells used in the present inven- 
tion include, but are not limited to, a substance that has a ligand that binds to the target cells. The ligands include cell- 
adhesive proteins, hormones or cytokines, antibodies against cell surface antigens, polysaccharides, glycoproteins, 
glycolipids, sugar chains derived from glycoproteins or glycolipids, and metabolites of the target cells. Furthermore, a 
polypeptide containing the functional substance, a polymer of the functional substance, a derivative of the functional 

30 substance, a functional equivalent of the functional substance or the like can be used. 

[0048] An antibody that specifically binds to target cells is particularly useful for specifically and efficiently transfer- 
ring a gene into specific cells. The antibody which can be used in the present invention is not limited to a specific one. 
An antibody against an antigen expressed on target cells into which a gene is to be transferred can be appropriately 
selected for use. Such an antibody can be produced according to the known methods. Alternatively, many currently 

35 commercially available antibodies can also be used. The antibody may be a polyclonal antibody or a monoclonal anti- 
body as long as it has desired properties such as cell specificity. Additionally, an antibody or a derivative of an antibody 
modified using known techniques such as a humanized antibody, a Fab fragment or a single-chain antibody can also 
be used. 

[0049] Expression of respective leukocyte antigens (also known as CD antigens) on various cells has been studied 
40 in detail. Thus, a gene can be transferred into target cells with high specificity by selecting an antibody that recognizes 
a CD antigen expressed on the target cells of interest and using it in the gene transfer method of the present invention. 
For example, gene transfer can be directed to helper T cells by using an anti-CD4 antibody, or to hematopoietic stem 
cells by using an anti-CD34 antibody. 

[0050] Furthermore, a glycoprotein, laminin, can be used as a functional substance having an activity of binding to 
45 target cells to efficiently transfer a gene into various target cells such as hematopoietic cells. The laminin which can be 
used in the present invention may be derived from mouse or human, or it may be a fragment thereof as long as it has 
an activity of binding to target cells. As described in examples below, the sugar chain of laminin plays an important role 
in gene transfer using laminin. Therefore, a sugar chain released from laminin according to a known method can also 
be used in the method of the present invention. Furthermore, a glycoprotein having a high mannose type N-linked sugar 
so chain like laminin, or a sugar chain released therefrom or chemically synthesized can also be used in the present inven- 
tion. Additionally, a substance such as a protein or the like having the above-mentioned sugar chain being attached 
thereto can be used. For example, a functional substance having an activity of binding to a retrovirus and having the 
sugar chain being attached thereto can be preferably used for gene transfer. 

[0051] The above-mentioned high mannose type sugar chain is not limited to a specific one as long as it has 1 to 
55 20 mannose residues in the molecule. One having a mannose residue at its non-reducing end is preferably used in the 
method of the present invention. The sugar chain can be used being attached to another appropriate molecule such as 
a biological molecule (e.g., a monosaccharide, an oligosaccharide, a polysaccharide, an amino acid, a peptide, a pro- 
tein or a lipid) or an artificial substance such as a synthetic macromolecule. 
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[0052] Representative high mannose type sugar chains derived from organisms are exemplified by ones havina a 
TT ^Tlr? 5j ^nnose) n -(GlucNAc) 2 [Protein, Nuc.eic Acid and inzyme, 43:2631 -2639 (1 998 ] For e T am 
pie, (Mannose) 9 -(GlucNAc) 2 , a sugar chain which has the structure as described above and contains nine mannoTe 
rescues ,n the molecule, can be preferably used in the gene transfer method of the present invention wZut MmitaSn 
5 (the structure of this sugar chain is shown in Figure 1 ). limitation 

-rfdLif J a h n f ,T ti0nal IT 38 deSCrib6d 3b0Ve Can be obtained from natural| y occurring substances pre-" 
bfninn S V ^ * recombinant DNA techni ^ es ™ ^emical synthesis techniques), o'prepared by com- 
bining a naturally occurring substance and an artificially prepared substance. In addition a mixture of a funrtton* 

ro us S; 3 r 0VirUS - b ' nd f in9 aPOther f UnCti ° nal SUbStanCe that h3S a ^ Sbi^ng s eTan be 

Sn^iTh? T "I" 9 ! Ct '° nal SUbstances as described in W ° «™ 831 8. Alternatively, a functional sub- 
stance that has a rrtrov.nis-bind.ng site and a target cell-binding site in a single molecule can be used Functional sub- 
stances substantially free of other proteins naturally associated therewith are used. AddLnaNy the un^onal 

e" aroMh felT .TT?* 'T^' ™ be C ° mbined with 3 medium used cu u^ g ta geSs 

cell growth factor and the like to produce a kit for gene transfer 

is [0054] Fibronectin or a fragment thereof used in the method of the present invention can be prepared in a substan- 

£eW7«Z TrT^ TT" 9 mat6ria,S aCC ° rding t0 meth ° dS as described ' for —P'e - J. Bio, Chem 
Tr "2 n 2" ' 2:449 ° 986); ° r J - Ce ' L Bi0U 105:489 < 1987 >- The fbronectin or the fragment thereo 

1 mrZT? US ' n ? reCOmbinant DNA techni ^ es as described in United States Patent No. 5,198,423 SpecifSly 
• a fibronectin fragment containing he P arin-ll domain, which is a retrovirus-binding site, such as recornbinart poS' 

' InfdiS??- H-"f 9 r- H : 271 ' H - 296 and CH " 271 USed in Exam P' es bel ™ a * 'el, as the ^Tlt^SZ 
Ische icht c ^ t 'h PUb !l Ca,i0n ° f ^ ab0ve - me ^'°- 

Escher,ch.a coil stra.ns deposited under accession numbers FERM P-10721 (H-296) (the date of the oriqinal deposit 

«he dat ofT' FERM , B H P - 27 " < CH " 271 > < the date * ^e original deposit: May 12, 1989), FERM BpSoo ch 29 6) 

,5 30 1 98 1 at heZl^^'t MaV R 12, 1989) FE ™ BP * 2264 (H ' 271) (the date of the ° ri 9 inaI deposit! JanuS 
Mh^^n^JVT" h*1 B !° SC,enCe and Human-Technology, Agency of Industrial Science and Technology 
rlZ T £J < * ^ 1 Higashi 1 - chome ' Tsukuba-shi, Ibaraki-ken as described in the publi 

mids harbored ,n these Escherichia coli strains using known recombinant DNA techniques. Among the fibronectin 
fragments as described above, H-296 has a polypeptide of binding region to VLA-4 CH-271 has a oeoSe of S 
so region to VLA-5, and CH-296 has both of them [Nature Medicine, 2:876-882 (1 996)] 9 

35 [0056] Target cells are not infected with a retrovirus when they are in G 0 phase. Therefore it is preferable to lead 
the cells into the eel, cycle by pre-stimu.ating them. For this purpose, the target cel.s are cultured in tt preL^e of 
growth factor suitable for the target cel,s prior to the infection of the cells with the r^r£Vo?J£^£>Z 

40 LmfT 1 Jl 18 kn0W " that reCSPt0rS ° n the SUrface of ce,ls are involved in infe ction of cells with retroviruses Basic 
ammo acd transporter and phosphate transporter are known to function as receptors for ecotropic viruses anTamoho 
tropic viruses respectively [Proc. Natl. Acad. Sci. USA, 93:1 1407-1 1413 (1996)] It is possible t ^ake taTge cellTsus 
cept,ble to v-ral infection by pre-treating the cells in a medium in which conceptions of bas aX acids or 
Phosphates, or salts or precursors thereof are reduced to activate the expression or metabolic turnover ofTe transport 



™?2 inf S " rpriSingly ' tU , e P resent inventors hav e fo"nd that activation of transferrin receptor, of which the involvement 

eZL K n T "T™"' alS ° inCreaSSS effidenCy ° f retroviral lnfection ° r 9 en * tranter efficiency. Transferrin 
receptor can be activated, without limitation, by treating target cells in a medium containing a limited concentratTon^ 

™ ELoT mP ' 3 m in WhiCh Fe iS Chelated by addin9 deferoxamine can be used 

S as deSribed'abo 6 ;;. ^ M ™ ^ M ° Ut ,n the ° f the functiona ' •»*»- 

fS ■ E rT P ^ ° f ^ Ce " WhiCh Can be USed aS the tar 9 et for the 9ene transfer by the method of the present 
invention ,nc ude, but are not limited to. stem cells, hematopoietic cells, non-adhesive low-density mononudear ceHs 

55 hemaZo 06 ' ^ T™ ^ hemat ° P ° ietic stem cells - P eri P h ^' Wood stem cells, umbilical cord b.ood l oel fe ai 
nTn,r m embry ° genic Stem cells ' embryonic ce "=. P^ordial germ cells, oocytes, oogonia ova sper 

SoTS'. Is SP Z S h , + Ce " S ' C " kft+ Ce " S ' PlUriP ° tent hemato P oieti = Progenitor cells, unipotent hematopoietic pro- 
SlS n T t ♦ Pr6CUrSOr Ce " S ' ' ymph0id m ° ,her Ce,IS ' mature blood cells - lymphocytes, B cells, T cells 
f.broblasts, neuroblasts, neurocytes, endothelial cells, vascular endothelial cells, hepatocytes. myoblasts, skeletal muS 
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cle cells, smooth muscle cells, cancer cells, myeloma cells, leukemia cells, and so on. The method of the present inven- 
tion is preferably utilized for hematopoietic cells which are available from blood and bone marrow because these cells 
are relatively easy to obtain and because the techniques for culturing and maintaining them are established. Part cu- 
larly if a long-term expression of the transferred gene is intended, blood progenitor cells such as hematopoietic stem 
cells CD34-positive cells, c-kit-positive cells and pluripotent hematopoietic progenitor cells are suitable as target cells. 
[0061] For example, a gene therapy using hematopoietic stem cells as target cells can be carried out by the follow- 
ing procedure^ contain i n g hematopoietic stem cells such as bone marrow tissue, peripheral blood and 
umbilical cord blood is collected from a donor. Such a material can be directly used in the gene transfer procedure. 
However mononuclear cell fractions containing hematopoietic stem cells are usually prepared by means of density-gra- 
dient centrifugation and the like, or hematopoietic stem cells are further purified by utilizing cell surface 
cules such as CD34 and/or c-kit. The material containing the hematopoietic stem cells is infected with a recombinant 
retrovirus vector, into which a gene of interest is inserted according to the method of the preset invention, after being 
pre-stimulated by using a suitable cell growth factor, if necessary. The gene transferred cells thus obtained can be trans- 
s planted into a recipient, for example, by intravenous administration. Although the recipient is preferably the donor teetf , 
allogenic transplantation can be carried out. For example, if the umbilical cord blood is used as the material, the alio- 

qenic transplantation is carried out. A*r.~-. an * „ r 

ro0631 Some of gene therapies using hematopoietic stem cells as target cells are for complementing a deficient or 
abnormal gene in a patient (e.g., the gene therapy for ADA deficiency or Gaucher* disease). In addition, a drug , res^s - 

>o ■ ance gene may be transferred into the hematopoietic stem cells in order to alleviate the damage of hematopoietic cells 
due to tfie chemotherapeutte agents used for the treatment of cancer or leukemia, for example. 
[0064] A tumor vaccination therapy is investigated as a gene therapy for cancer. In such therapy, a gene for a 
cytokine is transferred into cancer cells, the ability of the cancer cells to proIHe rate are depnvec J , »d the cdta are then 
returned to the body of the patient to enhance the tumor immunity [Human Gene Therapy, 5:153-1 64 (1994)]. In add.- 

25 tion, attempts are made to treat AIDS using a gene therapy. In this case, the following procedure is considered^ln the 
procedure, a gene encoding a nucleic acid molecule (e.g., an antisense nucleic acd or a nbozyme) which ^ interfe es 
with the replication or the gene expression of HIV (human immunodeficiency virus) is transferred into T cells infected 
with HIV, the causal agent of AIDS [e.g., J. Virol., 69:4045-4052 (1 995)]. 

m0651 As described above in detail, a gene can be transferred with high efficiency and with high specificity for tar- 
so get cells by using the present invention. Furthermore, the method of the present invention does not require a special- 
ized equipment or instrument and is effective for various retrovirus vectors and target cells. 

Examples 

35 [0066] The following Examples illustrate the present invention in more detail, but are not to be construed to limit the 
scope thereof. 

Example 1 

40 Preparation of polypeptides derived from fibronectin 

r00671 A polypeptide derived from human fibronectin, H-271 , was prepared from Escherichia coll HB1 01/pHD1 01 
J FER M BP-2264) containing a recombinant plasmid pHD101 which contains a DNA encoding the polypeptide accord- 
ing to the method as described in United States Patent No. 5,1 98,423. 
45 r00681 A polypeptide derived from human fibronectin, H-296, was prepared from Escherichia coh HB101/pHD102 
(FERM P-10721 ) containing a recombinant plasmid pHD102 which contains a DNA encoding the polypeptide according 
to the method as described in the above-mentioned publication. 
ro069] A polypeptide CH-271 was prepared as follows. 

[0070] Briefly, Escherichia coll HB101/pCH101 (FERM BP-2799) was cultured according to the method as 
so described in the above-mentioned publication. CH-271 was obtained from the culture. 
m071] A polypeptide CH-296 was prepared as follows. 

[0072] Briefly, Escherichia coil HB101/pCH102 (FERM BP-2800) was cultured according to the method as 
described in the above-mentioned publication. CH-296 was obtained from the culture. 
r0073] A polypeptide C-274 was prepared as follows. 
55 [0074] Briefly, Escherichia coil JM109/pTF7221 (FERM BP-1915) was cultured according to the method as 
described in United States Patent No. 5,102,988. C-274 was obtained from the culture. 

[0075] A polypeptide having an activity of binding to a retrovirus derived from collagen type V, ColV, was prepared 
according to the method as described in WO 97/18318. 
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Example 2 

Construction of retrovirus vector and preparation of retrovirus supernatant 



23 IS 638 n Zl *T?' P f ne ° V D ector - which contain * ■ neomycin phosphotransferase gene [Exp. Hematol 
23.630-638 (1 995)] was introduced .nto GP+E-86 cells (ATCC CRL-9642). The cells were cultured in Dulbecco's Mod 
-tied Eagle s Med.um (DMEM; Bio Whittaker) containing 10% fetal calf serum (FCS; Gibco), 5C units mr o peniciL and 

meffil?iSSS2"? (b ° th f T GibC0) '- A " ° f ° MEMS in the Pr0Ced ™ ^^^^^ 
10 FCS o > IZ T n COntamin9 PM5ne ° VirUS W3S prepared ^ addin 9 4 ml * DMEM containing 1 0% 
Si P ( ! m gelat,n - coated dish for cel1 cultu 'e, 'waki Glass) in which the above-mentioned producer celte 
had been grown to sem,-confluence, culturing overnight and then collecting the supernatant The thus coKed cultu e 

[0077] .Virus supernatants were prepared from the following cells according to the procedure as described above 

PLE N(L P ntc a h 9, w h f Ce ' ,S [Pr ° C - NatL ^ SCK USA ' 90:8392-8396 1993)], into whSTiSSSSpE^i 
?EGFP aenT L T °7T a n60mydn Phosphotransferase gene and an enhanced green fluorescent protein 

46 M988 I H^SSr' 1 and r Ph0tr ° PiC PaCka9in9 *° R,P Ce " S [ Rr0C - Natl - SOL USA, 85:646* 

» )] : He ; einafter ' a v,rus Prepared from BOSC23 cells is referred to as Eco-EGFP and a virus prepared from 
<pCRIP cells » referred to as Ampho-EGFR respectively. prepared from 

20 [0078] Furthermore, a virus supernatant was prepared from GP + EnvAm12 cells (ATCC CRL-9641) containina a 
retrovirus ply m,d, TKNeo vector T J. Exp. Medr, 1 78:529-53* (1 993)] (whicrcdntains i ^m^^SiSSSi 

was used 9 ^ ^ ° MEM C ° ntaining 1 ° % Calf serum < CS : Gibc °> Place of FCS 

25 M SSl in JhTohTh ^fr 6 VimS r pernatant was measured accor ding to a standard method [J. Virol., 62:1 120-1 124 
««? ^ the. efficiency of transferring a neomycin phosphotransferase gene into NIH/3T3 eel s (ATCC CRL 
1658) ,s used as an index The number of infectious particles contained in 1 ml o'f the superna anf (cf!m fwas c^lcu 

c cu,* d Ze" e tn' f r matant t0 ^ 3dded iR 6XperimentS hereinbe,0W was determined baS on the 
calculated value, i.e., the titer of the supernatant. 

30 Example 3 

Preparation of functional substance having activity of binding to retrovirus and measurement of activity thereof 

35 fSbFGP^lnwf m ' S0 '^ n °! H " 271 ' H " 296 ' C " 274 ' CH ' 271 - CH - 296 - ColV ' h ™ basic fibroblast growth 
lih ™f„ /ST; c 9 ' ( bC0) ° r e P idermal 9rowth factor (EGF; Takara Shuzo), or 50 ul of 2% bovine serum 

album n (BSA, Sigma) was added to each well of a 96-well non-treated microplate for cell culture (FalconTThe d atT 
was allowed to stand at 4°C overnight and then washed twice with phosphat buffered l~e (?^So^iS? 

<o p ocet al To ^J^^T " ^ PU " W3ter diSpe " Sed t0 each we »- The rLtion was aZe'd to 
E 3 37 C f0r2 h0 " rs - The P' ate was wash ed extensively with pure waterto prepare a carbodiimide-treated plate 
These plates were stored at 4°C until viral infection experiments were conducted P 
[0081] 10 mouse leukemia L1210 cells (ATCC CCL-219), which had been grown in RPMI 1640 medium (Bio Whit 
natant M S Tf V ^ 1°* ^ 50 Md 50 *" ml ^eptomycin, and 50 ul of PM5ne viu I sZt- 

45 chance £ 2 " ^ t0 ^ We " ° f th6 miCr ° P ' ate - Mer the plate was «* 24 hours, the melm was 

45 changed to the same medium containing G41 8 (Gibco) at a final concentration of 0.75 mg/ml and the plate was then 

e^nZ nTrt t ' 0nal 1 4 n 8 1 G " ^ ^ aSS6SSed aCCOrding t0 the ^^^S^l Kim 

oln "St ir^' 3:1018 - 1020 ( 1996 )J with a P^ial modification in which color developed using Prem x WST 1 rea^ 
gen (Takara Shuzo) was measured as absorbance at 450 nm. After incubation, 1 0 u.l/1 00 ul culture oTfte WST-1 ea 

so was Z t0 ^ We "' P ' ate ^ inCUb3ted 81 37 ° C f ° r additi0nal 4 houre - Absorba -^ ^a 4^ m al S I 5 Vn m " 
50 was then measured using a microplate reader, and the difference (450 nm - 650 nm) was calculated The value 

from th US ' n9 I P 'f e C ,° ated 2% BSA With ° Ut treatment was ^J™^™^^ 

from three rounds of studies are summarized in Table 1 . y Ults 
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Table 1 



10 



15 



20 



25 



30 



35 



40 



45 



50 





Functional substance 


untreated 


Treated with carbodiim- 
ide 


CApCI 11 1 IGl IL 1 


BSA 


0.000 ±0.011 


Not done 




CH-271 


2.099 ±0.010 


2.814 ±0.079 


tZAlJCl II I IC1 11 C~ 


BSA 


0.000 ± 0.007 


0.224 ±0.031 




H-271 


0.777 ±0.016 


0.994 ±0.029 




H-296 


0.474 ± 0.014 


0.666 ±0.021 




C-274 


-0.068 ± 0.017 


0.100 ±0.033 




CH-271 


0.382 ±0.017 


0.425 ±0.019 




CH-296 


0.363 ± 0.023 


0.460 ± 0.007 




ColV 


0.644 ± 0.006 


0.847 ± 0.033 




bFGF 


0.425 ±0.014 


0.580 ± 0.046 




Tehascin 


0.0130" ± 0.021 


1 0.323 ±0.037 




EGF 


0.030 ± 0.021 


0.077 ± 0.038 


(Mean ± standi 


ard deviation) 



were used and carbodiimide treatment was carried out. 

ro0831 Next CH-296 was used as a functional substance to carry out experiments as follows. 
S 0 5 ml of 40 ug/ml CH-296 was added to each well of a 24-wel. non-treated microplate for cel. culture (Fa - 
con) The plat was incubated at 4°C overnight and then washed with PBS ( P H 5.8). 625 ul of 1 0 mg^»lut»n 1 - 
Si^XOTlnopropylcarbodllmld. hydrochloride (Sigma) in PBS (pH 5.8) contammg ethylened.am ne 
SEwcSInX" Nacalai Tesque], trimethylenediamine [NH 2 (CH 2 ) 3 NH 2 ; Nacala, Tesque or Piscine 
nh PH NH • Nacalai Tesque] at a varying concentration was added to each well. The plate was incubated at 37°C 
or 2 hour *An amlo gro uTwas nt oduced to the carboxy. group in the CH-296 molecule through the 
^iTufSTprocSlur!. The plate was washed three times with PBS, and then blocked w,th 2% glycne/PBS fol- 

2 GP^ceLs into which a retrovirus vector p.asmid pLE.N had been introduced were ^cultured I in DMEM 
contaLq 1 0% CS Then, a supernatant was collected from the culture. 0.5 ml of a v,rus supernatant prepared by dilu - 
in Xe Zernlinno make the concentration to 1 x 1 0* cfu/rnl was added to each well of the plate. The plate was ,ncu- 
Sfd fo^ hours 1 x 10"* NIH/3T3 cells were further added to the well. The plate was incubated for 2 days. After 
fntbaL the ce,,s wer e collected by using a cel. detachment buffer (Bio Whittaker) and washed. EGFP-expressmg 
cTl s were ana.yz^ byTow cytometry" using FACSVantage (Becton Dickinson) at an excitation wavelength of 488 nm 
and admission wavelength of 51 5-545 nm. The binding ability of the virus to the plate was expressed by the eff.cency 
nf npne transfer into cells. The results are shown in Figure 2. 

m0861 As shown Figure 2, the binding ability of the virus increased as the concentration of the d,am,no compound 
used L intrcduc ng an amino group increased. About two-fold increase in the binding ability of th._v.ru. was ^observed 
when puirescine, trimethylenediamine or ethylenediamine was used in the reaction at a concentrate of 2 mM as com- 

pared with the ability observed using untreated CH-296. 



Example 4 

55 Effect of enhancing gene transfer efficiency of laminin 

[0087] Mouse laminin (Gibco) or human laminin (Takara Shuzo) was used in 

stance having an activity of binding to a virus to carry out gene transfer expenment. A 24-well non-treated microplate 
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10 



15 



Iwo^lthodT (Fa ' COn) in SXperiment WaS COated with these fu "ctional substances according to the following 

l °,° 8t ? . * ° 0Ck ^ meth ° d: A miX,Ure ° f ^ functional substances is added to the plate. The plate is allowed to 
fn^o, S ° vern '9 ht The P'*e ^ blocked with 2% BSA at 37°C for 20 minutes and then washed with PBS 
n!!!l, t pre : COaX]n l method: A solution of a factional substance having an activity of binding to a virus is added 

It, ™?m 9 !! ? 10 Stand 3t 4 °° 0Verni9ht The solution is removed A laminin solution is added to the 
plate The plate ,s mcubated at 37°C for 2 hours, blocked with 2% BSA, and then washed with PBS 

[0090] 0.5 ml of the solution of the functional substance was used to coat each well 

l ^Z,Jl f L12 , 1 A Ce ' ,S ^ °' 5 m ' ° f Eco - EGFP virus supernatant (10* cfu/ml) were added to the well. The plate 

Tnd ZT« Vr\ Z 'T Ubati ° n ' Ce " S W6re C °' leCted by Usin 9 a ce " ^tachment buffer (Bio Whittaker) 

and washed. EGFP-expressing cells were analyzed by flow cytometry using FACSVantage (Becton Dickinson) at an 
excrfat,on wavelengt of 488 nm and an emission wavelength of 515-545 nm' The gene transfer efficiency the ratio of 
EG FP-express.ng cells to total cells) was calculated. The experimental results are shown in Tables 2 to 5 

Table 2 



20 



25 



30 



Functional substance 
(80 jug/ml) 


Concentration of laminin added and coating method 




No addition 


5 |ug/ml 


20 jig/ml 


20 jug/ml 






Pre-coating 


Pre-coating 


Cocktail 


BSA (2%) 


1.12 


5.20 


6.55 


6.22 


H-271 


5.41 


11.19 


17.52 


9.67 


H-296 


4.83 


5.96 


5.51 


6.95 


CH-271 


4.00 


6.72 


13.73 


17.34 


CH-296 


6.48 


7.08 


6.02 


16.77 


Gene transfer efficiency in % is indicated. 





35 



■ 40 



45 



Table 3 



Functional substance 
(80 jig/ml) 


Concentration of laminin added 




No addition 


20 jxg/ml 


40 ng/mi 


60 u.g/ml 


BSA (2%) 


1.36 


5.14 


4.74 


3.82 


CH-271 


16.89 


32.05 


24.45 


23.46 


CH-296 


17.80 


18.79 


20.44 


19.31 


The plate was coated according to the cocktail method. Gene transf 
in % is indicated. 


sr efficiency 
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Table 4 





Concentration of CH-296 


Concentration of laminin added 


5 


added 














No addition 


5 ug/ml 


1 0 |ag/ml 


20 ug/ml 




No addition 


0.69 


4.09 


6.76 


6.89 




10 jig/ml 


4.67 


11.81 


9.36 


7.01 


10 


20 |±g/ml 


5.16 


11.64 


10.57 


8.49 




40 |j.g/ml 


4.41 


10.49 


11.52 


9.11 




80 iig/ml 


5.11 


10.87 


11.48 


11.10 


75 


160 p.g/ml 


5.19 


9.04 


11.84 


10.88 




320 jag/ml 


Not done 


Not done 


10.27 


10.54 




The plate was coated according to the cocktail method. Gene transfer efficiency 




in % is indicated. 











20 



Table 5 



25 



30 



35 



40 



45 



50 



55 



Concentration of CH-271 
added 


Concentration of laminin adds 


id 




No addition 


5 ng/ml 


1 0 |xg/ml 


20 ]Ltg/ml 


No addition 


0.69 


4.09 


6.76 


6.89 


1 0 M-g' ml 


4.61 


7.16 


6.28 


6.34 


20 |ig/ml 


4.71 


12.98 


8.98 


5.99 


40 ug/ml 


3.64 


17.32 


14.50 


8.78 


80 ug/ml 


3.60 


18.30 


14.76 


9.15 


1 60 ^ig/ml 


3.52 


16.34 


17.08 


12.67 


The plate was coated according to the cocktail method. Gene transTer effi- 
ciency in % is indicated. 



ro0921 As shown in Tables 2 and 3, it was demonstrated that a gene was transferred into target cells very eftoently 
reSess of the immobilization method when mouse or human laminin was used in combination with a funct,onal sub- 
stance having an activity of binding to a virus for gene transfer using a retrovirus. The gene transfer eff.cency using a 
p ^ coied wtth CH-296 or CH-271 and laminin according to the cocktail method was examined. As shown >n Tables 
4 and 5 tevea ed that the optimal ratios were 8:! (e.g., 80 ug/ml: 1 0 ,g/ml) for the combination of CH-29e/^u£^ 
infn and 1 6 1 (e g 80 ug/ml: 5 ug/ml) for CH-2 71 /mouse laminin, respectively. The gene transfer eff.cency mcreased 
2. 6 \.d ^and 5.1 fold for CH-296 and CH-271, respectively, as compared with the efficiency of gene transfer w.thout the 
addition of laminin. 

Example 5 

Gene transfer into mouse c-kit-positive bone marrow cells using laminin 

r00931 Mouse c-kit-positive bone marrow cells were prepared as follows. Bone marrow cells collected from a femur 
of a 6 8 weeks old C3H/He female mouse (Japan SLC) were subjected to density-gradient ^^"^/^ 
Hypaque (1.0875 g/ml, Pharmacia) to prepare a fraction containing low-densrty ™ no ™ c J* a ^ 
wished w th PBS, erythrocytes were lysed using Ery-Lysis buffer (155 mM NH 4 CI, 10 mM KHC0 3 , 0.1 mM EDTA, P H 
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7.4) t and the cells were washed again with PBS. 1 jug/1 0 7 ceils of an anti-mouse CD1 17 antibody (Pharmingen) was 
added to the resulting bone marrow cells. The mixture was reacted on ice for 30 minutes. The cells were washed with 
PBS containing 5 mM EDTA and 0.5% BSA, and then suspended in the same buffer. 20 jutt/1 0 7 cells of a secondary anti- 
body conjugated with a microbead (Miltenyi Biotec) was added to the cells. The mixture was reacted at 4°C for 30 min- 
5 utes. The cells were washed with and resuspended in the above-mentioned buffer. Cells bound to the microbeads were 
collected using MACS system (Miltenyi Biotec) to obtain c-kit-positive cells. 

[0094] Prior to viral infection, the mouse c-kit-positive bone marrow cells were pre-stimulated in accordance with 
the method of Luskey et al. [Blood, 80:396-402 (1992)]. Briefly, cells were cultured in cc-MEM (Bio Whittaker) containing 
20% FCS, 20 ng/ml of recombinant mouse interleukin-3 (Genzyme), 50 ng/ml of recombinant human interleukin-6 
w (Genzyme), 1 00 ng/ml of recombinant mouse stem cell factor (Genzyme), 50 units/ml of penicillin and 50 ng/ml of strep- 
tomycin 37°C for 2 days in the presence of 5% CQ 2 . 

[0095] A 24-well non-treated microplate for cell culture was coated according to the cocktail method using a mixture 
containing mouse laminin at a varying concentration and 80 jug/ml of CH-271. The plate was blocked with 2% BSA for 
30 minutes, and then washed with PBS. A control plate was prepared using 2% BSA in place of CH-271 . 1 0 5 c-kit-pos- 
. 15 itive bone marrow cells and 0.5 ml Eco-EGFP virus supernatant (10 5 cfu/rni) were added to each well of the microplate 
for viral infection. After incubation for 48 hours, 0.5 ml of fresh medium was added to the well, and the plate was incu- 
bated for additional 24 hours. After incubation, the cells were collected by using a cell detachment buffer and washed. 
The gene transfer efficiency was calculated as described in Example 4. The results from two rounds of experiments are 
shown in Tables 6 and 7. 

j 20 



Table 6 





Concentration of laminin added 




No addition 


10 jug/ml 


20 ng/ml 


BSA 


0.18 


0.25 


0.16 


CH-271 


0.69 


3.93 


2.64 


Gene transfer efficiency in % is indicated. 



35 Table 7 





Concentration of laminin added 




No addition 


2.5 ng/ml 


5 ng/ml 


10 ng/ml 


BSA 


1.37 


1.80 


2.63 


5.38 


CH-271 


9.95 


16.12 


15.28 


17.00 


Gene transfer efficiency in % is indicated. 



[0096] As shown in Tables 6 and 7, it was demonstrated that a very strong effect of enhancing gene transfer effi- 
ciency was also observed when c-kit-positive bone marrow cells were infected with a retrovirus in a plate coated with 
mouse laminin and a functional substance having an activity of binding to a virus, CH-271, according to the cocktail 
method. The efficiency of gene transfer using CH-271 in combination with laminin increase 5.7-fold at the most as com- 
pared with that using CH-271 alone. 

[0097] Furthermore, the same procedure as that described above was carried out using Eco-EGFP virus superna- 
tant at a titer of 1 0 7 cf u/ml. The mean gene transfer efficiency from three rounds of experiments is shown in Table 8. It 
was also demonstrated in this case that the efficiency of gene transfer using a functional substance having' an activity 
of binding to a retrovirus was increased by using laminin in combination. 
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Table 8 



10 





Concentration of laminin added 




No addition 


2 u,g/ml 


4 |ig/ml 


6 jig/ml 


BSA 


5.88 


11.77 


19.33 


27.09 


H-271 


25.12 


53.39 


55.65 


56.45 


CH-271 


43.06 


66.87 


73.67 


77.76 


CH-296 


76.84 


81.57 


83.30 


85.48 


Gene transfer efficiency in % is indicated. 



15 



20 



25 



30 



35 



Example 6 

Gene transfer into CD3-positive T cells derived from mouse spleen cells using laminin 

[0098] CD3-positive T cells derived from mouse spleen cells were prepared as follows. Cells were collected from a 
spleen of a 6-8 weeks old C3H/He female mouse. The cells were passed through a 1 00-u.m mesh (Falcon) to remove 
residuals The resulting cells were washed with Hanks' balanced salt solution (HBSS, Bio Whittaker) containing 10% 
FCS erythrocytes were lysed using Ery-Lysis buffer, and the cells were washed again with HBSS. The resulting cells 
were passed through a 30-ujn mesh (Miltenyi Biotec) to remove residuals and then purified using a column for concen- 
trating CD3-positive T cells (R&D Systems). Mouse CD3-positive T cells used for viral infection experiments were pre- 
stimulated as follows. The cells were cultured for pre-stimulation in a Petri dish onto which an anti-mouse CD3 antibody 
and an anti-mouse CD28 antibody (both at 1 u.g/ml, Pharmingen) had been immobilized. The Petri dish contained RPMI 
1 640 medium (Bio Whittaker) supplemented with 1 0% FCS, 50 units/ml of penicillin and 50 u.g/ml of streptomycin. The 
cells were cultured at 37°C for 2 days in the presence of 5% C0 2 . 

[0099] A 24-well microplate was coated using a mixture containing 20 u.g/ml of mouse laminin and 80 u.g/ml of CH- 
296 as described in Example 5. 10 5 CD3-positive T cells and 0.5 ml Eco-EGFP virus supernatant (10 cfu/ml) were 
added to each well of the microplate for viral infection for 3 hours. RPMI 1640 medium containing 10% FCS, 500 
units/ml of recombinant mouse interleukin-1 a (Genzyme), 1 0 ng/ml of recombinant mouse interleukin-2 (Genzyme), 50 
units/ml of penicillin and 50 u-g/ml of streptomycin was added thereto. The incubation was continued for 48 hours. After 
incubation, the cells were collected by using a cell detachment buffer and washed. The gene transfer efficiency was cal- 
culated as described in Example 4. The results are shown in Table 9. 
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Table 9 



Functional substance 


Transfer efficiency (%) 


BSA (control) 


0.83 


CH-296 


8.78 


CH-296/mouse laminin 


13.20 


Gene transfer efficiency in % is indicated. 
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[0100] As shown in Table 9, it was demonstrated that the efficiency of gene transfer into mouse CD3-positive T cells 
was increased by the co-existence of laminin. 

Example 7 

Involvement of sugar chain of laminin molecule in gene transfer 

[0101] A 96-well microplate was coated using 50 uJ/well of a mixture containing 5 u.g/ml of mouse laminin and 80 
jig/ml of CH-271 as described in Example 5. Effects of treatment of the plate with various enzymes having activities of 
cleaving sugar chains on gene transfer efficiency were examined. 



14 



EP1 094 114 A1 



10 



[0102] Plates were treated with enzymes as follows: Enzyme solutions containing 500 mU/ml O-glycanase (endo- 
a-N-acetylgalactosaminidase, Seikagaku Corp.), 500 mU/ml endoglycosidase H (endo-p-N-acetylglucosaminidase H, 
Seikagaku Corp.), 250 mU/ml endo-p-galactosidase (Seikagaku Corp.) and 2 mU/ml cc-mannosidase (Seikagaku 
Corp.) in 50 mM citrate-phosphate buffer (pH 5.0) were prepared. An enzyme solution containing 250 mU/ml glyco- 
peptidase F (peptide: N-glycosidase F, Takara Shuzo) in 100 mM tris-hydrochloride buffer (pH 8.6) was prepared. 50 uJ 
each of the enzyme solutions was dispensed in each well for reacting at 37°C for 20 hours. The plate was then washed 
three times with PBS and then used for viral infection experiments. 

[0103] 10 4 mouse leukemia L1210 cells grown in RPMI 1640 medium supplemented with 10% FCS, 50 units/ml 
penicillin and 50 uJ/ml streptomycin, and 50 uJ of PM5neo virus supernatant (1 0 4 cfu/ml) were added to each well of the 
microplate. The plate was incubated for 24 hours. The medium was changed to the same medium'containing G418 
(Gibco) at a final concentration of 0.75 mg/ml. The plate was incubated for additional 48 hours. G41 8-resistance cells 
were assessed as described in Example 3. The results are shown in Table 10. Table 10 summarizes results from three 
rounds of experiments. 
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Functional substance 


Enzyme, treatment 


Absorbance 


BSA (2%, control) 


No 


0.000 ± 0.030 


CH-271 (80 jig/ml) 


No 


1.376± 0.012 


CH-271/laminin (80 u,g/ml : 5 u.g/ml) 


No 


1.781 ±0.062 


CH-271/laminin (80 ng/ml : 5 |ig/ml) 


O-Glycanase 


1.886 ±0.071 


CH-271/laminin (80 ng/ml : 5 ng/ml) 


Endoglycosidase H 


1.214±0.017 


CH-271/laminin (80 jig/ml : 5 jutg/ml) 


E-p-galactosidase 


1. 939 ± 0.083 


CH-271/laminin (80 u.g/ml : 5 u.g/ml) 


a-Mannosidase 


1.657± 0.033 


CH-271/laminin (80 u.g/ml : 5 u.g/ml) 


Glycopeptidase F 


1.610± 0.036 
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[0104] As shown in Table 10, when CH-271 was used in combination with laminin, the appearance of G418-resist- 
ant cells was increased as compared with the case in which CH-271 was used alone. Treatment of the plate coated with 
laminin with endoglycosidase H completely abolished the gene transfer-promoting effect of laminin. Furthermore, treat- 
ment of the plate with a-mannosidase or glycopeptidase F decreased the gene transfer efficiency in some degree. 
According to a report concerning the sugar chains of a laminin molecule [Biochim. Biophysi. Acta, 883:1 12-126 (1986)], 
most of the sugar chains of the laminin molecule are N-linked sugar chains which are bound to asparagine. 43 mole- 
cules of N-linked sugar chains are bound to a laminin molecule. Among the sugar chains, high mannose type asparag- 
ine-N-linked sugar chains are released by the treatment with endoglycosidase H. The fact that decrease in gene 
transfer efficiency was also observed when treated with a-mannosidase suggests that sugar chains of the laminin mol- 
ecule play an important role. Such sugar chains have a structure containing ct1 -2- and/or oc1 -6-bonded mannose, which 
is cleaved with a-mannosidase, represented by (Mannose) 9 -(GlucNAc) 2 -Asn and/or (Mannose) 6 -(GlucNAc) 2 -Asn. As 
described above, it was demonstrated that the gene transfer-promoting effect of laminin was due to sugar chains of the 
laminin molecule, in particular high mannose type sugar chains. 

[0105] The involvement of (Mannose) 9 -(GlucNAc) 2 -Asn in gene transfer was confirmed by the following experi- 
ments. 

[0106] 1 g of soybean agglutinin prepared from de-fatted soybean flour (Sigma) using Sepharose CL-2B (Pharma- 
cia) to which lactose had been immobilized was heated-denatured, and then digested with 20 mg of Actinase E (Kaken 
Pharmaceutical) in 20 ml of 50 mM tris-hydrochloride buffer (pH 7.2) containing 10 mM calcium chloride at 37°C for 2 
days. After heat-inactivating the enzyme, the mixture was subjected to a chromatography using Sephadex G-1 5 (50 ml) 
column and Sephadex G-25 (150 ml) column to purify (Mannose) 9 -(GlucNAc) 2 -Asn. Figure 1 illustrates the structure of 
(Mannose) 9 -(GlucNAc) 2 -Asn from which the asparagine residue is removed. 

[0107] A microplate to which CH-271 and (Mannose) 9 -(GlucNAc) 2 -Asn were immobilized through covalent bonds 
was prepared. Briefly, a 96-well Carboplate (ELISA Carbo-type plate) (Sumitomo Bakelite) was activated using 4 mg/ml 
water-soluble carbodiimide solution at 37°C for 2 hours, and then washed three times with sterile water. 50 uJ each of 
solutions containing 2% BSA or 80 jig/ml of CH-271 as well as (Mannose) 9 -(GlucNAc) 2 -Asn at a varying concentration 
was added to each well of the activated 96-well Carboplate. The plate was subjected to immobilization reaction at 37°C 
for 2 hours. The plate was blocked using 0.2% glycine solution at 4°C for 15 hours and then used for the following gene 
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transfer experiments. 

[0108] 10 3 L1210 cells and 0.1 mi Eco-EGFP virus supernatant (10 6 cfu/ml) were added to the well of the micro- 
plate. After the plate was incubated for 48 hours, 0.1 ml of fresh RPMI 1640 medium containing FCS, penicillin and 
streptomycin was added to the well. The plate was incubated for additional 24 hours. The cells were collected and 
washed. The gene transfer efficiency was calculated as described in Example 4. The mean results from two independ- 
ent experiments are shown in Table 1 1 . 



Table 1 1 



Functional 
substance 
(80 \igfm\) 


Concentration of sugar chain added 






No addition 


2.8 |xg/ml 


5.5 jig/ml 


11.1 jig/ml 


22.1 p.g/ml 


44.2 |ig/ml 


88.5 jig/ml 


BSA (2%) 


1.68 


Not done 


Not done 


Not done 


1.24 


1.65 


Not done 


CH-271 


26.9 


27.1 


29.9 


34.7 


39.2 


52.0 


58.7 


Gene transfer 


efficiency in % is indicated. 
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[0109] As shown in Table 1 1 , the gene transfer efficiency for the wells on which (Mannose) 9 -(GlucNAc) 2 -Asn and 
CH-271 had been immobilized was increased depending on the concentration of sugar chain used. Thus, it was con- 
firmed that the sugar chain having the same structure as that of the laminin molecule contributed to the increase in gene 
transfer efficiency. 

Example 8 

Gene transfer specific for CD4-positive cells using anti-CD4 monoclonal antibody 

[0110] A 24-well non-treated microplate for cell culture was coated with a combination of 1 jig/ml of an anti-mouse 
CD4 monoclonal antibody or an anti-mouse CD44 monoclonal antibody (both from Pharmingen) and 80 \xg/m\ of H-271 , 
CH-271 or CH-296 as described in Example 4. H-271 was coated according to the pre-coating method whereas CH- 
271 and CH-296 were coated according to the cocktail method. 

[0111] 0.5 ml of Eco-EGFP virus supernatant (10 7 cfu/ml) was added to each well of the microplate. The plate was 
incubated at 32°C for 3 hours, and then washed with RPMI 1640 medium containing 10% FCS, 50 units/ml of penicillin 
and 50 jig/ml of streptomycin. 10 5 CD3-positive T cells derived from mouse spleen cells prepared and pre-stimulated 
as described in Example 6 were added to the well for viral infection for 3 hours. Thereafter, RPMI 1640 medium con- 
taining 10% FCS, 500 units of recombinant mouse interleukin-ta, 10 ng/ml of recombinant mouse interleukin-2, 50 
units/ml of penicillin and 50 jig/ml of streptomycin was added to the well. The plate was incubated for additional 48 
hours. After incubation, the cells were collected by using a cell detachment buffer, washed and then stained with an 
anti-mouse CD4 monoclonal antibody (Pharmingen) labeled with phycoerythrin (PE; Pharmingen) and propinium 
iodide (PI, Sigma). These cells were subjected to flow cytometry using FACSVantage at an excitation wavelength of 488 
nm and a emission wavelength of 515-545 nm or 562-588 nm to two-dimensionally analyze CD4 antigen expression 
and EGFP expression in viable cells. The efficiencies of gene transfer in CD4-positive cells and CD4-negative cells 
were calculated. The results are shown in Table 12. Table 12 summarizes the results from four rounds of experiments. 



Table 12 



Functional substance 


Efficiency of transfer into 
CD4-positive cells (%) 


Efficiency of transfer into 
CD4-negative cells (%) 


BSA (control) 


0.1 6 ± 0.07 


0.11 ±0.07 


Anti-CD4 antibody 


0.24 ±0.19 


0.12 ±0.04 


Anti-CD44 antibody 


1.9210.82 


1.95 ± 1.00 


H-271 


31 .02 ±7.34 


1 6.54 ± 4.30 


Anti-CD4 antibody/H-271 


58.91 ±8.11 


20.32 ± 4.46 
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Table 12 (continued) 



Functional substance 


Efficiency of transfer into 
CD4-positive cells (%) 


Efficiency of transfer into 
CD4-negative cells (%) 


Anti-CD44 antibody/H-271 


56.08 ± 7.53 


40.96 ± 7.04 


CH-271 


44.63 ± 6.40 


26.21 ± 5.73 


Anti-CD4 antibody/CH-271 


64.81 ± 9.74 


25.97 ± 1.25 


Anti-CD44 antibody/CH-271 


60.29 ±8.71 


44.10 ±3.56 


CH-296 


48.81 ± 8.77 


29.45 ± 4.70 


Anti-CD4 antibody/CH-296 


62.9316.45 


30.84 ±3.27 


Anti-CD44 antibody/CH-296 


56.79 ±9.87 


41.37 ± 1.14 


(Mean ± standard deviation) 



C °11 2 L *f Sh ° Wn in Tab ' e 1 2> When 3 retroviral infection was carried out in a plate coated with both of a monoclonal 
antibody and a fibronectin fragment, an effect of enhancing gene transfer efficiency for CD3-positive T cells derived 
from mouse spleen cells was observed. 

[011 3} • Among others; it should be noted that trie efficiency of gene transfer into CD4-posifive cells was very higher 
than that ,nto CD4-negative cells when viral infection was carried out using a combination of an anti-CD4 monoclonal 
ant,body and a functional substance having an activity of binding to a retrovirus. For example, the efficiency of gene 
I™,, I" t0 CD4 'P° sltlve cells using a combination of anti-CD4 monoclonal antibody and H-271 was very high (about 
60 /o), while the efficiency of gene transfer into CD4-negative cells was only about 20 %. Similar results were observed 
when CH-271 or CH-296 was used as a fibronectin fragment. 

[01 1 4] On the other hand, CD44 antigen is expressed in 98% of more of both CD4-positive cells and CD4-neqative 
ce Is. Therefore, it was expected that gene transfer efficiency would be increased regardless of the expression of CD4 
antigen in the cells when an anti-CD44 monoclonal antibody was used for the retroviral infection as described above 
The results in Table 12 confirm such expectation. 

Example 9 

Gene transfer specif ic for CD8-positive cells using anti-CD8a monoclonal antibody 

[01 1 5] Experiments were carried out as described in Example 8 except that H-271 as a functional substance having 
an activity of binding to a retrovirus, and an anti-mouse CD8a monoclonal antibody (Pharmingen) and an anti-mouse 
CD44 monoclonal antibody as antibodies were used. An anti-mouse CD8a monoclonal antibody (Pharmingen) labeled 
with phycoerythrin (PE; Pharmingen) was used for detecting CD8-positive and CD8-negative cells. The results are 
shown in Table 1 3. Table 13 summarizes the results from two rounds of experiments 



Table 13 
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Functional substance 


Efficiency of transfer into 
CD8-positive cells (%) 


Efficiency of transfer into 
CD8-negative cells (%) 


BSA (control) 


0.22 ±0.08 


0.28 ± 0.00 


Anti-CD8a antibody 


0.36 ± 0.20 


0.28 ± 0.02 


Anti-CD44 antibody 


0.98 ± 0.34 


0.92 ±0.20 


H-271 


20.08 ±4.71 


26.43 ± 6.07 


Anti-CD8a antibody/H-271 


36.07 ± 1.57 


24.42 ± 0.55 


Anti-CD44 antibody/H-271 


46.93 ±0.88 


47,16 ±0.75 


(Mean ± standard deviation) 



[01 1 6] As shown in Table 1 3, an effect of enhancing the efficiency of gene transfer into CD3-positive T cells derived 
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from mouse spleen cells was observed when the combination of an anti-CD8a monoclonal antibody and a fibronectin 
fragment was used. 

T01171 When the anti-CD8a monoclonal antibody was used, as observed in Example 8, h.gh genes transfer effi- 
ciency for cells expressing CDS antigen recognized by the antibody was observed. On the other hand, when a mono- 

s c lonala t bo y ^nst CD44 which fs expressed in 98% of more of both CD8- P ositive cells and CDS-negative ce s was 
used no difference in gene transfer efficiency was recognized between CDB-positive cells and CD8-negat.ye cells. 
S,1181 The experimental results in Examples 8 and 9 are very significant. These results demonstrate that a gene 
of interest can be transferred specifically into target cells If a cell population containing target can i n. infected w* a ret- 
rovirus containing the gene of interest in a culture vessel which has been coated us.ng a mixture (cockta, I of an ant, 

w body which specifically binds to the target cells and a functional substance having an activity of b.nd.ng to the virus. 

Example 10 

Cell-specific gene transfer using an antibody 

75 r0119l A 24-well non-treated microplate for cell culture was coated as described in Example 4 according to the 
cocktail method using 80 ug/ml of CH-271 and 1 ug/ml of one of monoclonal antibodies *9 al ^;^ ant " 
qens (anti-CD4 anti-CD8, anti-CD44, anti-CD49c, anti-CD49d and anti-CD49e antibod.es; all from Pharmingen) 
pSj K562 (human chronic myelogenous leukemia cell, ATCC CCL-243), HSB-2 (human 

20 eukemia cell CCRF-HSB-2, ATCC CCL-120.1), MOLT-3 (human acute lymphoblastic leukemia cell, ATCC CRL-1552) 
a^dtK (human erythroleukemla cell, ATCC CRL^ObS) were used as target cells. FACS analysis was earned out on 
these cells using the labeled respective monoclonal antibodies to determine the expression of antigens corresponding 

S5?r t1b S^ ml of Ampho-EGFP virus supernatant (1 x 10 6 cfu/ml) was added to each well of the rnicroplate. The 
plate was incubated at 32°C for 3 hours, and then washed with RPMl 1640 medium containing 10% FCS, 50 units/ml 
o TenTclnin and 50 ug/ml of streptomycin. 1 x 1 0* of each of the respective cells suspended in 1 ml off the medium was 
added to L well for viral infection. After incubating for additional 3 days, the cells were collected by using a cel. detach- 
ment buffer and washed. The efficiency of EGFP gene transfer was calculated according to the flow cytometry method 

as described in Example 4. ^™,n 
30 [0122] The results are shown Table 14. The mean results from three independent experiments are shown. 



25 



None 
CD4 
CD8 
CD44 



Transfer 
eff. (%) 

100 

106.7 

130.4 

173.7 



100.7 
130.4 
172.5 



+/- 



++ 



108.8 
107.0 
188.9 



100 
1 04.9 
116.9 
135.1 



CD49C 



153.9 



+++ 



102.7 



115.6 



106.3 



CD49d 



159.2 



165.3 



150.3 



+++ 



97.5 



CD49e 



185.5 



+++ 



127.5 



128.9 



172.6 



+4-+ 



Gene trans er efficiency (Transfer eff.) is expressed as relative value (%) assuming the efficiency of gene transfer 
without the addition of an antibody for the respective cells as 1 00%. 

CD antigen expression ratios (CD ag exp. ratio) represent the ratios of positive cells (%) in FACS measurements as 

follows: 

-: 1 0% or less; +/-: 1 0-30%; +: 30-60%; ++ : 60-90%; +++: 90% or more. 
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r0123l As shown in Table 1 4, the antigen expression ratio correlated with the efficiency of gene transfer using the 
cocktail method in which CH-271 as a virus-binding substance and the antibody against the antigen on the cell as a cell- 
binding substance were used. 
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[0124] Furthermore, gene transfer experiments were carried out using 80 u_g/ml of polylysine as a functional sub- 
stance having an activity of binding to a retrovirus in place of CH-271. Monoclonal antibodies and cells used as well as 
other experimental conditions were as described above. The results are shown in Table 15. The mean results from three 
independent experiments are shown. 



Table 1 5 



10 



15 





Cells used 




HS 


B-2 


MOLT-3 


TF-1 


K562 


Anti-body 
used 


Transfer 
eff. (%) 


CD ag 
exp. ratio 


Transfer 
eff. (%) 


CD ag 
exp. ratio 


Transfer 
eff. (%) 


CD ag 
exp. ratio 


Transfer 
eff. (%) 


CD ag exp. 
rate 


None 


100 




100 




100 




100 




CD4 


103.3 




104.1 


+/- 


98.6 


+/- 


99.4 




CD8 


116.3 


++ 


136.7 


++ 


100.8 




92.4 




CD44 


155.5 


++ 


144.9 


++ 


253.1 


+++ 


102.6 




CD49c 


160.1 


+++ 


104.7 




116.1 




100.6 




CD49d 


138,2 


- - ++ - - 


- - 156.3 




- 187.7 


+++ . 


103.-1 




CD49e 


142.5 


+++ 


140.0 


+ 


166.1 


++ 


129.2 




Gene transfer efficiency (Transfer eff.) is expressed as relative value (%) assuming the e 

without the addition of an antibody for the respective cells as 100%. 

CD antigen expression ratios (CD ag exp. ratio) represent the ratios of positive cells (%) in 

follows: 


ifficiency of c 
FACS meas 


jene transfer 
urements as 


-: 10% or less; +/-: 10-30%; +: 30-60%; ++: 60-90%; +++: 90% or more. 









1 20 



25 



30 



35 



40 



45 



50 



5S. f. S f° Wn j n J able 1 5 - the anti 9 en expression ratio correlated with the efficiency of gene transfers using the 
cocktail method in which polylysine as a virus-binding substance and the antibody against the antigen on the cell as a 
cell-binding substance were used. 

[0126] The two series of experimental results as described above demonstrate that a gene can be transferred spe- 
c, ica y into target cells of interest by transferring a gene according to the cocktail method using an antibody that spe- 
cifically recognizes an antigen expressed on the target cell as a cell-binding substance. 

Example 1 1 

Gene transfer into target cells pre-cultured in medium containing deferoxamine 

Prf L Human myelocytic leukemia HL-60 cells (ATCC CCL-240) cultured in RPMI 1 640 medium containing 1 0% 
FCS, 50 units/ml of penicillin and 50 jig/ml of streptomycin were transferred into the same medium containing deferox- 
amine (Sigma) at a varying concentration on the day before the infection experiments. The cells were cultured at 37°C 
or 20 hours in the presence of 5% C0 2 . The cells were washed with fresh medium without deferoxamine upon use and 
then suspended at a concentration of 2 x 1 0 5 cells/ml for use in the following infection experiments 
[0128] 0 5 ml of 80 u.g/ml CH-271 was added to each well of a 24-well non-treated microplate for cell culture The 
plate was flowed to stand at 4°C overnight, blocked using 2% BSA for 30 minutes and washed with PBS. 05 ml of 
Ampho-EGFP virus supernatant (1 0 6 cfu/ml) was added to the well of the microplate. The plate was incubated at 32°C 
It IT < T WUh RPM ' 1 640 medium containi "9 1 0% FCS, 50 units/ml of penicillin and 50 ug/ml of strep- 
rpmm Jr, J pre - CUltured HL " 60 ce,ls were ad <*ed to the well. The plate was incubated for 48 hours. 0 5 ml of 
RPM1 1640 medium containing 10% FCS, 50 units/ml of penicillin and 50 ng/ml of streptomycin was added to the well 
The plate was incubated for additional 24 hours. Thereafter, the gene transfer efficiency was determined as described 
in Example 4. The results are shown in Tables 16 and 17. 
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Table 16 


5 


Deferoxamine concen- 
tration (^ig) 


Functional substance 


Transfer efficiency (/o) 




No addition 


R^A fcontroH 

DO/A ^^wiiuv/ 


0.01 




No addition 


CH-271 


0.14 




6.25 


CH-271 


0.22 


10 


12.5 


CH-271 


0.27 






CH-271 


0.35 




50 


CH-271 


0.71 


15 




Table 17 




20 


^Deferoxamine concen- 
tration (|ig) 


" Functional substance 


" Transfer efficiency (%) 




No addition 


BSA (control) 


0.02 


25 


No addition 


CH-271 


0.25 




40 


CH-271 


11.14 



30 



35 



40 



45 



roi 291 As shown in Tables 1 6 and 1 7, increase in gene transfer efficiency was observed even for HL-60 cells by pre- 
|2g the c's wTh deferoxamine for 20 hours. It was known that a gene is transferred into HL-60 cells w,th very low 
efficiency using CH-271 alone. 

Example 12 

Detection of presence of viral infection-inhibitory substances in culture supernatant 

[01301 The TKNeo virus supernatant prepared in Example 2 was diluted with DMEM, a culture supernatant of 
N.H/3T3 cells (ATCC CRL-1658°or a culture supernatant of q>CRIP cells to a concentration of 312.5 cfu/ml for use ,n 

the following CH . 2g6 was added tQ each we „ of . 24 . well non . treat ed microp.ate for cel. cuiture. The 

Llate was aHowTd to stand at room temperature for 2 hours, blocked with 2% BSA for 30 minutes and washed wrth PBS. 

m oTSe aC Mentioned virus supernatant and 2 x 10< N,H/3T3 cells were added to the ^«*^J£$£ r 
was incubated at 37°C overnight. The cells were then cultured in a selective medium contain.ng 0.75 mg/ml of G41 8 fo 
To days The number of colonL formed was counted. The ratio of the number of G41 8-resistant colomes to the number 
of coTomes formTd in a medium without G418 was defined as gene transfer efficiency. The results are shown ,n Table 
18. 
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Table 18 
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Diluent 


Gene transfer efficiency 
(%) 


DMEM (control) 


100 


NIH/3T3 cell culture supernatant 


20.6 


cpCRIP cell culture supernatant 


15.7 



[0132] As shown 



in Table 18, the gene transfer efficiencies were decreased to one fifth or less when the dilution of 
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virus with the culture supernatant of NIH/3T3 cells or the culture supernatant of cpCRIP cells was used as compared 
with the efficiency of gene transfer using the dilution with DMEM. NIH/3T3 cell is the parent strain of many packaging 
cell lines such as cpCRIP cell and GP + EmvAm12 cell, which was used to generate the producer cell for the TKNeo virus 
vector used in this experiment. The fact that an activity of inhibiting retroviral infection was found in the culture super- 
natants of these cells suggests that virus supernatants prepared using similar packaging cells also contain inhibitory 



Example 13 

Removal of viral infection-inhibitory substance in virus supernatant 



Z 11k, follow,n 9 Procedures were used to remove the viral infection-inhibitory substance found in Example 12 
The TKNeo virus supernatant prepared in Example 2 was diluted with the culture supernatant of <pCRIP cells to a con- 

15 rretroXus S °°° ^ di ' Uted SUpernatant was further doub| y diluted witn DMEM for use as a sample containing 

[0134] 1 ml of the virus supernatant was added to each well of a plate coated with CH-296 as described in Example 
11 . The plate was incubated for 1 to 5 hours for contacting and binding the virus particles with CH-296. The plate was 
9 in4 a ^SJir 1 T es - with PBS ' 1 ml of DMEM containing 2 x 10 4 NIH/3T3 cells was added to the well. As a control 
o. f !?♦ T W8re suspended in 1 ml of the above-mentioned virus supernatant and then immediately trans- 

20 feared to the p,a ? coated with CH-296. These plates were incubated at 37°C overnight to allow the virus to infect cel.s 
After infect.cn, the cells weWcuKuredrn asefectfve memimcontaMnd X).75-|fi9WT W34T8 feno-days, and the number 
of colonies formed were counted. The ratio of the number of G418-resistant colonies to the number of colonies formed 
in a medium without G418 was defined as gene transfer efficiency. The results are shown in Figure 3 

p 5 uu th AS HK 0Wn J r l F S Ur ^' hi9her tranSf6r 6ffiCienCy WaS 0bserved at 3 hours when virus Policies were con- 

1„ Ht b °T t0 CH - 296 C ° ated P ' ate aS C ° mpared with the efficienc V for the control group. Thus, it was 
demonstrated that the activity of inhibiting viral infection in a virus supernatant could be removed by the procedures as 
described above. 



Example 14 

Removal of sodium butyrate in virus supernatant 



[0136] Recombinant retrovirus-producer cells obtained by introducing a retrovirus vector plasmid pLEIN into cpCRIP 
cells were cultured in DMEM containing 1 0% CS. When the cells grew to semi-confluence in a 1 0-cm plate, the medium 
35 was changed to 7 ml of RPMI 1 640 containing 1 0% PCS or 7 ml of RPM1 1 640 containing 5 mM sodium butyrate (NacT 
ai Tesque) and 1 0% FCS. After the cells were cultured for 24 hours, supernatants were filtered through 0 45 J filters 
to obtain v.rus supernatants. The titer of the virus supernatant was determined as described in Example 2 The titer of 

nn 7Z SUP r S Tl With ° Ut S ° diUm 6 Utyrate WaS 3 - 3 X 1 ° 4 Cfu/ml> Whereas the titer of the virus supernatant contain- 
mg 5 mM sodium butyrate was 2 x 1 0 6 cfu/ml. 

40 Kt ma S H diUm h but y rate f| has activities of arrestin 9 cell cycle to suppress cell growth and inducing differentiation. 
Thus, it may have harmful influence on infected cells. Removal of sodium butyrate contained in a virus supernatant was 

3SS6SSSQ 3S TOllOWS. 

wJ.?S . H , L " 60 fll S W ! r i"f ed 35 tar9et Ce " S - °- 5 ml ° f the ab °ve-mentioned virus supernatant was added to each 
well of a plate coated with CH-296 as described in Example 12. The plate was incubated at 37°C for 3 hours for con- 

m ? ( n9 nS ^ '° 9 * e VimS PartiCl6S With CH - 296 " After incub ^°n, the plate was washed three times with PBS. 0 5 
Tl « ^4 u, £ T Supplemented with 1 0% FCS containing 5 x 1 0 4 HL-60 cells was added to the well. As a con- 
Si-H? th i ♦ Ce " S r er u e sus P ende d in 0.5 ml of the above-mentioned virus supernatant and then immediately 
After ?hl E! Tr °°T > Ta^' 296 - Th6Se PlatCS W6re inCUbated at 37 ° C ° verni 9 ht to a,low the «™ to infect cells 

so TlZZT^T' T R n M ' T° mSdiUm C ° ntaining 1 ° % FCS was added t0 the we "- The P |at « was incubated 
50 or add tional 48 hours. The cell number was then counted. Furthermore, EGFP-expressing cells were detected accord- 
ing to the flow cytometry method as described in Example 4 to analyze the gene transfer efficiency. The results are 
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Table 19 



w 



15 



20 



25 



30 



35 



40 



Experimental group 
/virus supernatant 


oeii nunriDer ^cens/piaie; 


Gene transfer efficiency 
(%) 


CH-296 






Sodium butyrate: - 


2.0 X 10 5 


2.21 


Sodium butyrate: + 


1.8 X 10 5 


52.98 


Control 






Sodium butyrate: - 


1.7x 10 5 


2.74 


Sodium butyrate: + 


4.0 X 10 5 


35.46 



r0139l As shown in Table 1 9, higher gene transfer efficiency was observed forthe control group when a virus super- 
natan prept^d padding sodium butyrL was used, confirming the effectiveness of sodium butyrate >n virus : prepara- 
t"fn However the liable cel. number observed using the supernatant containing sodium butyrate was one fourth or less 
S ttot7^^d using the supernatant without sodium butyrate, confirming that sodium butyrate suppressed cell 

har^ ihe celf growth suppression, which was observed for control group using the supernatant containing sodium 
» was no observed Increase, rather than decrease, in gene transfer efficiency was observed. Thus, ,t was dem- 
onstSed'hat high gene transfer efficiency could be accomplished without the influence of sodium butyrate by contact- 

ing virus with CH-296 followed by washing. 

roi401 Next DEAE-dextran was used to carry out similar experiments. 

SeAE dextran (Sigma) was dissolved at a concentration of 10 mg/ml in PBS. The so ut.on was sterilized by 
Attiring through a 0.22 ^m filter and used to coat a plate. 1 .1 ml of a mixture obtained by m,x,n g 1 0 volume, o PBS and 
vTme of the DEAE dextran solution was added to each well of a 6-well non-treated plate for ce I culture (Iwak 
Glass) The plate was incubated at 4°C overnight. The DEAE-dextran solution was removed from the plate. 2 m of 2 /o 
BSA ioSo was added to the well for treatment for 30 minutes. The plate was washed three t.mes with 2 mUwe, of 
pis. As a control, a plate was prepared by conducting the same procedures except that PBS was used ,n place of the 

mi^T^A vfrus Supernatant was prepared according to the method in which sodium butyrate was added as 
described above using recombinant retrovirus-producer cells produced by introducing a retrovirus vector plasmid 
pLEIN into GpTe86 S. [J. Virol., 62:1 1 20-1 1 24 (1 988)]. 1 ml of a virus dilution (1 .6 > : 1 * ^^XeTas 
Tvo ume of the virus supernatant with 20 volumes of DMEM containing 1 0% CS was added to each well. The plate was 
ncubated a 37 oC for 2 hours, and then washed three times with 2ml/well of PBS. 5 x 1 0* NIH/3T3 cells were added to 
he w! I The P L was incubated at 37<C for 3 days in the presence of 5% CO a . After incubation, the cells were reated 
wTCsin and collected. EGFP-expressing cells were analyzed according to the flow cytometry method as descnbed 
in Example 4 to determine the gene transfer efficiency. The results are shown in Table 20. 



Table 20 



Coating 


Gene transfer efficiency 
(%) 


DEAE-dextran 


26.7 


Control 


0.7 


Gene transfer efficiency represented by the 
ratio (%) of EGFP-positive cells to total cells is 
indicated. 



[0143] As shown in Table 20, it was demonstrated that DEAE-dextran also has an activity of binding 
and it can be used for the gene transfer method of the present invention. 
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Binding of functional substance to retrovirus utilizing centrifugation method 

TVK ■ A R ' P Ce " S im ° Whi ° h 3 retrovirus P |asmid - °OL vector, containing a neomycin-resistance gene [Proc Natl 
l C n a i,-,f CL !t 84 f , 50 ; 2154 < 1987 » had been introd -ed were cultured in DMEM containing 10% CS, 50 unSJEi 
whS oducer /m * ST 0 ^- A DOL virus -P—tant was prepared as follows. Medium in a 1 0-cm plaTe in 
-which the producer cells had grown to semi-confluence was changed to 5 ml of DMEM containing 10% CS After 24 

llTsj '^ZtT ^ C °" eCted fi ' tered thr ° U9h 3 0 m ^ (Mi " iP0re) - The tit8r ° f the Virus su P^natant 

I01 ! 5 i . *° entr ' rfu 9 ation tube (5° ml Polypropylene conical tube, Falcon) used forinfecting cells with a retrovirus was 
coated w h CH-296 as follows. Briefly, 3 ml of PBS containing 40 u.g/m. 0 f CH-296 was slowly placed to the boSm of 
the centrifugation tube. The tube was allowed to stand upright for incubation at 4°C for 1 6 hours. The CH-296 solution 

oe'JTZt 3 5 T C ° ntainin9 2% BSA - The tUbe WaS inCubated for additional 30 -inutes afroom tern- 
perature, and then washed with 5 ml of Hanks' balanced salt solution (HBSS Gibco) 

BHefS s mi"!!, e th DOL T^Z^* *° ^ ° f th * cM 9*«™ tube coated with CH-296 as follows. 

S^MhT thI t h t , L "'T SUpematant ' or a 10 " fold or 100 -f°' d dilution thereof was placed in the centrifu- 

nlZ t I Centnf U9ed 31 2900 X 9 3t 25 ° C f ° r 3 h0Urs t0 force the re,rovirus bind to CH-296. For com- 

w?th r h lo 6 ft Ve "n D e o '° ned VimS supernatant was added t0 a 6 " w e" non-treated plate for cell culture (Falcon) coated 
with CH-296 us,ng PBS containing 40 ug/ml of CH-296 so as to result in a density of 8 ug/cm 2 The plate was allowed 
to stand at 37°C for 4 hours for binding and used in the following procedures 

EpIH • Ge r^ nSfe < r int ° N ' H/3T3 Ce " S WaS Carried ° Ut Using the ^ntrifugation tube coated with CH-296 to which 
he retrovirus had been forced to bind by centrifugation. Briefly, 1 x 1 0 5 NIH/3T3 cells were placed in the centrifugation 
tube coated with CH-296 in which one of the serial dilutions of the virus supernatant had been centSuged The tube 

ZZi < f 37 ° C I h ° UrS (h6reinafter referred t0 38 the ^^on method). AKernatively, the above men 
oned microplate was incubated under the same conditions (hereinafter referred to as the binding method). As a con- 
trol a mixture of the virus supernatant and NIH/3T3 cells was added to the microplate coated with CH-296 and the 

ti tnnT r te t d h B l 37 ? 3 h ° UrB - reSU ' tS ° btained USin9 the last -ethod were defined as those of a co nvln 
T tT ""it t °?S US6d f ° r COm P arison (hereinafter referred to as the supernatant method). After incubaZ 

3 The Zft h f Ci6nCy ° f tranSf6r " C0 " eCted Ce " S WaS d6termined as described in Examp e 

ant end h J , ^ * RgUre 4> the h ° riZ ° ntal axiS represente the dilution rata of the virus superna- 

Z T * eVe ^ ICal axis /epresents the gene transfer efficiency. The open bars, shaded bars and closed bars represent 
resuKs obtained using the supernatant method, the binding method and the centrifugation method, respective^ 
u Jnn th B ? R9Ure 4 ' the effidenCy ° f 9ene trans,er USing the centrifugation method was higher than that 

CH 2 9 96 olrT't J 0 " 3 m8lh0d 8nd the meXhod ,n Which the virus had bee » spontaneously adsorbed to 

29sTSZn the f ' n h feCtl0n ( h u e blndln 9 method >- Thus . « was demonstrated that more virus particles bound to CH- 
296 at the bottom of the vessel by forcing the virus to precipitate by centrifugal force. In particular, the effect due to the 
centrifugation was remarkable when a diluted virus supernatant was used 

SnH 1 , h F f he ; more - tne titers of the virus supernatants collected after the binding of virus using centrifugation or 
standing (binding) were measured. The results are shown in Table 21 . ugauon or 



Table 21 



Sample 


Virus titer (cfu/ml) 


Recovery after binding 
(%) 


Virus supernatant (before use) 


8.7 x 10 5 


100 


Collected supernatant - binding method 


7.8 x 10 5 


89.4 


Collected supernatant - centrifugation method 


7.6 x TO 4 


8.8 



Z suLn^nt h < J a J A ?° ° f Standin9 ' the C0 " ected su P ernata nt had about 80 to 90% of the titer of 
one Z n IT T 1^ °" ° ther hand ' the Wer ° f the supernata nt after forcing to bind by centrifugation was 
* 01 ° f that of the 8«Pematant before binding. These results demonstrate that more virus particles were 

2% ofthe orioina, l^TT ^ * tha Centrifu 9 ation ^ centrifugation contained about 

2 /o of the ongmal amount of the virus. In addition, almost the same gene transfer efficiency was observed regardless 

S^Z^X^' Th6Se reSU ' tS SU " eSt th3t VirUS PartiC,6S — fi -'V held b V CH-296 when 
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10 



15 



25 



[0151] Furthermore, the efficiency of gene transfer by the centrifugation method was compared with that by a 
method in which cells are infected with a virus during centrifugation. 

mi521 The efficiency of gene transfer into NIH/3T3 ce.ls by the centrifugation method was compared with that by 

^S SU,tS ^ sho^ in^ur^it was demonstrated that the efficiency of gene transfer by the ^fuga* on ^ 
E! -higher^ Zx* Jthe^entrifugation-infection method. It is considered that this is because ,nfect,on-,nh,b,tory sub- 

stance in the virus supernatant was removed by washing. 

20 Claims ^ 

1 . A method for transferring a gene into target cells using a retrovirus, characterized in that the method comprises: 

(1) contacting a solution containing a retrovirus with a functional substance having an activity of binding to the 
retrovirus and being immobilized on a substrate; 

(2) washing the substrate to which the retrovirus is bound; and 

(3) contacting and incubating the substrate to which the retrovirus is bound with target cells. 

2 The method according to claim 1 , wherein the solution containing the retrovirus is contacted with the functional sub- 
Si^n^-A of binding to the retrovirus and being immobilized on the substrate for 3 hours or longer. 

3. The method according to claim 1 or 2, wherein the frequency of contact between the retrovirus and the functional 
substance having an activity of binding to the retrovirus is physically increased in step (1). 

35 4 The method according to claim 3, wherein step (1) is carried out by precipitating the retrovirus by , ^entrifu gal force 
ontoThe functional substance having an activity of binding to the retrovirus and being immobil.zed on the substrate. 

5 The method according to any one of claims 1 to 4, wherein the functional substance having an activity of binding 
L fteretrwl^ selected from the group consisting of fibronectin, fibroblast growth factor, collagen type V poly- 
40 lysine Tnd DEAE-d^rtran, as we., assents thereof and substances having an eo.uiva.ent activity of binding to 

the retrovirus thereto. 

6. The method according to any one of Cairns 1 to 5, wherein the functiona. substance having an activity of binding 
to the retrovirus has an activity of binding to target cells. 

45 7 The method according to any one of Cairns 1 to 6. wherein a substrate on which the functiona, »^^ h J*J 
an aSy of binding to the retrovirus and another functional substance having an acfv.ty of binding to the target 

cells are immobilized is used. 

so 8 The method according to claim 7, wherein the functional substance having an activity of binding to the target cells 
JiKdlSe gLp consisting of ce.l-adhesive proteins, hormones, cytokines, ant.bodies, sugar chams, car- 
bohydrates and metabolites. 

9. The method according to any one of claims 1 to 8, wherein a vessel for cell culture or a particulate substrate is used 

55 as the substrate. 

10 The method according to any one of claims 1 to 9. wherein the solution containing the retrovirus to , a cum,™ * super- 
natant o! < Lovirus-produce" cells obtained in the presence of a substance that enhances retrov.rus products. 
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11. The method according to claim 1 0, wherein the solution containing the retrovirus is a culture supernatant obtained 
in the presence of sodium butyrate. 

12. A method for transferring a gene into target cells using a retrovirus, characterized in that the method comprises 
infecting target cells with a retrovirus in the presence of two functional substances: 

(1) a functional substance having an activity of binding to the retrovirus; and 

(2) an antibody which specifically binds to the target cells. 

13. The method according to claim 12, wherein the antibody recognizes a biological substance on the surface of the 
target ceils. 

14. A method for transferring a gene into target cells using a retrovirus, characterized in that the method comprises 
infecting target cells with a retrovirus in the presence of two functional substances: 

(1) afunctional substance having an activity of binding to the retrovirus; and 

(2) laminin, a laminin fragment, a sugar chain derived from laminin or a high mannose type sugar chain. 

15. The method according to any one of claims 1 2 to 14, wherein the functional substance having an activity of binding 
to the retrovirus is selected from the group consisting of fibronectin, fibroblast growth factor, collagen type V poly- 
lysine and DEAE-dextran, as well as fragments thereof and substances having an equivalent activity of bindinq to 
the retrovirus thereto. 

16. The method according to claim 15, wherein the functional substance having an activity of binding to the retrovirus 
has an activity of binding to target ceils. 

1 7. The method according to any one of claims 1 2 to 1 6, wherein at least one of the two functional substances is immo- 
bilized on a substrate. 

18. The method according to claim 17, wherein a vessel for cell culture or a particulate substrate is used as the sub- 
strate. 

1 9. A method for transferring a gene into target cells using a retrovirus, characterized in that the method comprises cul- 
turmg target cells in a medium'that contains Fe at a lowered concentration before the target cells are contacted with 
the retrovirus. 

20. The method according to claim 1 9, wherein target cells are cultured in a medium that contains deferoxamine before 
the target cells are contacted with the retrovirus. 

21. A method for increasing an activity of binding to a retrovirus of a peptide or a protein, characterized in that the 
method comprises chemically modifying a peptide or a protein; 

22. The method according to claim 21 , which comprises treating the peptide or the protein with a water-soluble carbo- 
diimide. 

23. The method according to claim 22, which comprises treating the peptide or the protein with a water-soluble carbo- 
diimide and a diamino compound. 

24. The method according to any one of claims 21 to 23, wherein the peptide or the protein is selected from the group 
consisting of fibronectin, fibroblast growth factor and collagen type V, as well as fragments thereof and substances 
having an equivalent activity of binding to the retrovirus thereto. 

25. A functional substance having an activity of binding a retrovirus which contains a peptide or a protein treated by the 
method according to any one of claims 21 to 24. 

26. A method for transferring a gene into target cells, characterized in that the method comprises infecting target cells 
with a retrovirus in the presence of the functional substance having an activity of binding a retrovirus according to 
claim 25. y 
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Fig. 2 
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Fig. 3 




Contact/binding time 
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Fig. 4 




Undiluted 1 0-fold dilution 1 00-fold dilution 
Virus suspension 
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Fig. 5 
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